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Description 

[0001] The present invention generally relates to a 
method and an apparatus tor generating X-ray or EUV 
radiation via laser plasma interaction with a target in a 
chamber. By focusing a pulsed laser on said target, an 
intensive X-ray source is obtained. This source can be 
used for e.g. lithography, microscopy, materials science 
or in some other X-ray application. 

Background Art 

[0002] Soft X-ray sources of high intensity are applied 
in many fields, for instance surface physics, materials 
testing, crystal analysis, atomic physics, lithography and 
microscopy. Conventional soft X-ray sources, which uti- 
lise an electron beam towards an anode, generate a rel- 
atively low X-ray intensity. Large facilities, such as syn- 
chrotron light sources, produce a high average power. 
However, there are many applications that require com- 
pact, small-scale systems which produce a relatively 
high average power. Compact and more inexpensive 
systems yield better accessibility to the applied user and 
thus are of potentially greater value to science and so- 
ciety. An example of an application of particular impor- 
tance is x-ray lithography. 

[0003] Ever since the 1 960s, the size of the structures 
that constitute the basis of integrated electronic circuits 
has decreased continuously. The advantage thereof is 
faster and more complicated circuits needing less pow- 
er. At present, photolithography is used to industrially 
produce such circuits having a line width of about 0.35 
M-m. This technique can be expected to be applicable 
down to about 0.18 u.m. In order to further reduce the 
line width, other methods will probably be necessary, of 
which X-ray lithography is a potentially interesting can- 
didate. X-ray lithography can be implemented in two 
ways: Projection lithography, where use is made of a 
reducing extreme ultraviolet (EUV) objective system in 
the wavelength range around 10-20 nm (see for in- 
stance Extreme Ultraviolet Lithography, Eds. Zernike 
and Attwood, Optical Soc. America Vol. 23 [Washington 
DC, 1994]) and proximity lithography, which is carried 
out in the wavelength range 0.8-1 .7 nm (see for instance 
Maldonado, X-ray Lithography, J. Electronic Materials 
19, 699 [1990]). The present invention relates to a new 
type of X-ray source, whose immediate field of applica- 
tion is proximity lithography. However, the invention can 
also be used in other wavelength ranges and fields of 
applications, such as EUV lithography microscopy, ma- 
terials science. 

[0004] Laser-produced plasma (LPP) is an attractive 
compact soft X-ray source owing to its small size, high 
luminous intensity and great spatial stability. Here a tar- 
get is illuminated by a pulsed laser beam, thereby to 
form an X-ray -emitting plasma. However, LPP which us- 
es conventional solid targets suffers from serious draw- 
backs, inter alia, emission of small particles, atoms and 



ions (debris) which coat and destroy, for example, sen- 
sitive X-ray optical systems or lithographic masks ar- 
ranged close to the plasma. This technique is disclosed 
in, for instance, WO94/26080. 
5 [0005] This drawback can be eliminated by using 
small and spatially well-defined liquid droplets as target 
and irradiating them with a pulsed laser beam as dis- 
closed by Rymel! and Hertz, Opt. Commun. 103, 105 
(1993). According to this publication, the droplets are 

10 generated by forming a jet of liquid by urging the pres- 
surised liquid through a small nozzle, which is vibrated 
piezoelectrically. This droplet-generating method is de- 
scribed in e.g. US-A-3,416,153 and in Heinzl and Hertz, 
Advances in Electronics and Electron Physics 65, 91 

'5 (1 985). This results in very small and spatially well-de- 
fined droplets. In addition to eliminating debris, this com- 
pact X-ray source gives an excellent geometric access, 
a possibility of long-term operation without interruption 
since new target material is continuously supplied, and 

20 a possibility of a high average X-ray power by using la- 
sers having a high repetition rate. A similar technique is 
disclosed by for instance, Hertz et al., in Applications of 
Laser Plasma Radiation II, M.C. Richardsson, Ed., SPIE 
Vol. 2523 (1995), pp 88-93; EP-A-O 186 491; Rymell et 

25 al., Appl. Phys. Lett. 66, 20 (1995); Rymell et al., Appi. 
Phys. Lett. 66, 2625 (1995); Rymell et al., Rev. Sci. In- 
strum. 66, 4916 (1995); and US-A-5,459,771 . 
[0006] Furthermore, the use of fluorine-containing tar- 
get material in an X-ray generating apparatus is briefly 

30 mentionen in Fiedorowicz et al., Appl. Phys. Lett. 62, 
2778 (1993); and in Filbert et al., IEEE International 
Conference on Plasma Science, 1989, Abstracts p 
168. 

[0007] A drawback of this technique is however that 
35 all liquids cannot form sufficiently spatially stable micro- 
scopic droplets, and therefore it will be difficult to guide 
the laser light so as to irradiate the microscopic droplets. 
Moreover, there are also for suitable liquids slow drifts 
in droplet position relative to the focus of the laser beam, 
to which results in the synchronisation of the laser plasma 
production requiring temporal adjustment. 

Summary of the Invention 

45 [0008] It is therefore an object of the present invention 
to provide a method and an apparatus for stable and 
uncomplicated X-ray or EUV generation via laser plas- 
ma emission from a target in a chamber. The inventive 
apparatus should be compact, inexpensive and gener- 

50 ate a relatively high average power as stated above and 
have a minimum production of debris. A further object 
is to provide a method and an apparatus which produces 
X-radiation which is suitable for proximity lithography. 
One more object of the invention is to permit use of the 

55 apparatus and the method in microscopy, lithography 
and materials science. 

[0009] These and other objects, which will be appar- 
ent from the following specification, are wholly or par- 
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tially achieved by the method according to claim 1 or 2, 
and the apparatus according to claim 6 or 7. The sub- 
claims define preferred embodiments. 
[0010] According to the invention, the laser beam is 
focused on a spatially continuous portion of the jet gen- 
erated from a liquid. This can be achieved, for instance, 
by generating the jet as a spatially completely continu- 
ous jet of liquid, and by focusing the laser light on the 
actual jet before this spontaneously breaks up into drop- 
lets. Alternatively, it is conceivable that the jet is gener- 
ated in the form of a pulsed or semicontinuous jet of liq- 
uid consisting of separate, spatially continuous portions 
each having a length that significantly exceeds the di- 
ameter. 

[001 1 ] By producing a laser plasma In a spatially con- 
tinuous portion of the jet, new liquids can be used as 
target. Furthermore, the stability is improved since slow 
drifts no longer affect the X-ray emission. It is also im- 
portant that the handling is simplified to a considerable 
extent by the laser not needing temporal synchronisa- 
tion with the drop formation in order to irradiate a sepa- 
rate droplet. Thus, in many cases a less advanced laser 
can be employed. These advantages are obtained while 
retaining many of the advantages of droplet-shaped liq- 
uid target, as discussed by way of introduction, for ex- 
ample, a great reduction of debris, excellent geometric 
access, a possibility of long-term operation without in- 
terruption by providing new target material continuously 
through the jet of liquid, low cost for target material, and 
the possibility of using lasers of high repetition rates, 
which increases the average X-ray power. 
[0012] The present invention is based on the need of 
compact and intensive X-ray or EUV sources for, inter 
alia, lithography, microscopy and materials science. 
Wavelength ranges of particular interest for such appli- 
cations are 0.8-1 .7 nm (lithography), 2.3-4.4 nm (micro- 
scopy) and 0.1-20 nm (materials science, for instance 
photoelectron spectroscopy or X-ray fluorescence, or 
EUV lithography). Such X-ray radiation can be produced 
with laser-produced plasma. The generation of such 
short wavelength ranges with high conversion efficiency 
requires laser intensities around 1 0 13 -1 0 15 W/cm 2 . In or- 
der to achieve such intensities with compact laser sys- 
tems, focusing to about 10-100 um in diameter is re- 
quired. Thus, a target can be made microscopic, provid- 
ed that it is spatially stable. The srnaii dimensions con- 
tribute to effective utilisation of the target material, 
which, among other things, results in a drastic reduction 
of debris. 

[0013] As a special application to the above-men- 
tioned X-ray source, the present invention states prox- 
imity lithography which requires irradiation in the wave- 
length range 0.8-1 .7 nm. Emission concentrated to this 
wavelength range from microscopic targets generated 
by a liquid has not been obtained previously. According 
to the invention, e.g. fluorine-containing liquids can be 
used. By irradiating a microscopic jet of liquid with 
pulsed laser radiation, emission from ionised fluorine (F 



VIII and F IX) of high X-ray intensity in the wavelength 
range 1 .2-1.7 nm is generated. This radiation can be 
used for lithography of a structure below 100 nm by 
means of suitable lithographic masks, X-ray filters etc. 

5 [0014] By using the above-mentioned liquids and also 
other liquids, suitable X-ray wavelengths can be gener- 
ated for a number of different applications using the de- 
scribed invention. Examples of such explications are X- 
ray microscopy, materials science (e.g. photoelectron 

10 microscopy and X-ray fluorescence), EUV projection li- 
thography or crystal analysis. It should be emphasised 
that the liquid used in the invention can either be a me- 
dium which is normally in a liquid state at the tempera- 
lure prevailing at the generation of the jet of liquid, or 

is solutions comprising substances which are normally not 
in a liquid state and a suitable carrier liquid. 

Brief Description of the Drawings 

20 [0015] The invention will now be described for the pur- 
pose of exemplification with reference to the accompa- 
nying drawings, which illustrate a currently preferred 
embodiment and in which 

25 Fig. 1 is a schematic view of an inventive apparatus 

for generating X-ray or EUV radiation by generating 
a plasma in a thin jet of liquid before this is broken 
up into droplets, and 

Fig. 2 illustrates an embodiment of an inventive ap- 
30 paratus for X-ray generation, especially for proxim- 
ity lithography. 

Description of the Preferred Embodiments 

35 [0016] The method and the apparatus according to 
the invention are basically illustrated in Figs 1 and 2. 
One or more pulsed laser beams 3 are focused from one 
or more directions on a jet 17 of liquid, which serves as 
target. For reasons of clarity, only one laser beam is 

40 shown in Figs 1 and 2. The formed plasma emits the 
desired X-ray radiation. The actual production of X-rays 
usually takes place in vacuum, thereby preventing emit- 
ted soft X-ray radiation from being absorbed. For certain 
X-ray or EUV wavelengths, the laser plasma production 

45 may be operated in a gaseous environment. Vacuum is 
preferable to prevent laser-induced breakdowns in front 
of the jet 17 of liquid. 

[0017] For the forming of microscopic and spatially 
stable jets of liquid in vacuum, use is here made of a 

50 spatially continuous jet 17 of liquid, which forms in a vac- 
uum chamber 8 as is evident from Fig. 2. The liquid 7 is 
urged under high pressure (usually 5-1 00 atmospheres) 
from a pump or pressure vessel 14 through a small noz- 
zle 10, the diameter of which usually is smaller than 

55 about 1 00 jim and typically one or two up to a few tens 
of micrometers. This results in a stable microscopic jet 
1 7 of liquid cf essentially the same diameter as the noz- 
zle 1 0 and a speed of about 1 0-1 00 m/s. The jet 1 7 of 
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liquid propagetes in a given direction to a drop-formation 
point 1 5, at which it spontaneously separates into drop- 
lets 12. The distance to the drop-formation point 15 is 
determined essentially by the hydrodynamic properties 
of the liquid 7, the dimensions of the nozzle 1 0 and the 
speed of the liquid 7, see for instance Heinzl and Hertz, 
Advances in Electronics and Electron Physics 65, 91 
(1 985). The drop formation frequency is partly random. 
For some low viscous liquids, turbulence may imply that 
no stable jet 17 of liquid is obtained, while for certain 
liquids of low surface tension, the drop-formation point 
15 can be located far away from the nozzle 10. 
[0018] When the liquid 7 leaves the nozzle 10, it is 
cooled by evaporation. It is conceivable that the jet 17 
may freeze, such that no droplets 12 are formed. The 
focused laser beam 11 may, within the scope of the in- 
vention, be focused on a spatially continuous portion of 
the thus frozen jet. Also in this case, the laser light is 
focused in a point on the jet between the nozzle 1 0 and 
a fictitious drop-formation point. 

[0019] Existing compact laser systems, which give 
sufficient pulse energy, currently have repetition rates 
which usually do not exceed 100-1000 Hz. The laser 
beam 3 is focused to diameters around 1 0-1 00 yim. Giv- 
en the speed of the jet 17 of liquid, the main part of the 
liquid 7 will thus not be used for laser plasma production, 
which for many liquids results in an increase of pressure 
in the vacuum chamber 8 owing to evaporation. The 
problem can be solved, for instance, by a cold trap 16 
catching the non-used liquid, as appears from Fig. 2. 
Alternatively (not shown), the nozzle 10 can be posi- 
tioned outside the main vacuum chamber 8 and inject 
the liquid through a very small aperture. In that case, a 
mechanical chopper or electric deflection means out- 
side the main vacuum chamber 8 can be used to supply 
merely the desired amount of liquid to the main vacuum 
chamber 8. For liquids having low evaporation, it may 
be sufficient to increase the pump capacity. 
[0020] The use of continuously operating jets 1 7 of liq- 
uid of the type described above results in sufficient spa- 
tial stability (± a few micrometers ) to permit laser plas- 
ma production with a laser beam 3 focused to approxi- 
mately the same size as the diameter of the jet 17 of 
liquid. Semicontinuous or pulsed jets of liquid may, with- 
in the scope of the invention, be applicable in special 
cases. This type of jets consists of separate, spatially 
continuous portions, which are generated by ejecting 
the liquid through the nozzle during short periods of time 
only. In contrast to droplets, the spatially continuous por- 
tions of the semicontinuous jets, however, have a length 
which is considerably greater than the diameter. 
[0021] In the embodiment shown in Fig. 2, the laser 
plasma is produced by focusing a pulsed laser 1 , op- 
tionally via one or more mirrors 2, by means of a lens 
13 or some other optical focusing means on a spatially 
continuous portion of the jet of liquid, more specifically 
on a point 11 in the jet 17 of liquid between the nozzle 
10 and the drop-formation point 15. It is preferred that 



the distance from the nozzle 10 to the drop-fonnation 
point 15 is sufficiently long (in the order of a millimetre), 
such that the produced laser plasma in the focus 1 1 can 
be positioned at a given distance from the nozzle 10, 
5 such that the nozzle is not damaged by the plasma. For 
X-ray emission in the wavelength range around 1 -5 nm, 
a laser intensity of about 10 13 -10 15 W/cm 2 is required. 
For example, such intensities can easily be achieved by 
focusing laser pulses having a pulse energy in the order 

io of 100 mJ and a pulse duration in the order of 1 00 ps to 
a focus of about 1 0 u,m. Such lasers in the visible, ultra- 
violet and near infrared wavelength range are commer- 
cially available with repetition rates of 1 0-20 Hz, and 
systems having a higher repetition rate are being devel- 

15 oped at present. The short pulse duration is important 
for obtaining a high intensity, while the pulse energy and, 
thus, the size of the laser are kept small. 
[0022] Moreover, a short pulse causes a reduction of 
the size of the formed plasma. Longer pulses result in 

20 larger plasma owing to the expansion of the plasma, 
which normally is about 1-3.1 0 7 cm/s. If a larger plasma 
is acceptable, a higher total X-ray flux can be obtained 
by using a greater diameter of the jet of liquid and a 
slightly longer pulse duration in combination with higher 

25 pulse energy. If longer wavelengths are desired, the la- 
ser pulse duration should be increased to give a lower 
maximum power. By using, for instance, some hundreds 
of mJ/pulse and a pulse duration longer than a nano- 
second, the emission in the wavelength range 1 0-30 nm 

30 is increased at the expense of the emission in the 0.5-5 
nm range. This is important to EUV projection lithogra- 
phy. 

[0023] The above-mentioned method of generating 
X-ray radiation can be used for, inter alia, proximity li- 

35 thography. An apparatus for this purpose is shown in 
Fig. 2. Here use is made of liquids as target. It has been 
found that fluorine-containing liquids, for instance liquid 
C m F n» where n can be 5-10 and m 10-20, result in a 
strong X-ray emission in the wavelength range 1 .2-1 .7 

40 nm. The hydrodynamic properties of many such liquids 
require that, according to the invention, use is made of 
a spatially continuous portion of the jet of liquid as target. 
An- exposure station 18 is positioned at a certain dis- 
tance from the laser plasma in the focus 1 1 of the laser. 

45 The exposure station 1 8 comprises e.g. a mask 1 9 and 
a resist-coated substrate 20. Thin X-ray filters 21 filter 
the emitted radiation such that only radiation in the de- 
sired wavelength range reaches the mask 19 and the 
substrate 20. By using a microscopic target of liquid, the 

50 production of debris will be very low, which means that 
the distance between the exposure station and the laser 
plasma can be made small. If the further requirements 
in respect of lithography permit so, the distance can be 
down to a few centimetres. This reduces the exposure 

55 time. Alternatively, an X-ray collimatorcan be employed. 
[0024] By using other liquids than those discussed 
above, emission can be obtained in new X-ray wave- 
length ranges. Laser plasma in a jet of liquid of e.g. eth- 
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anol or ammonia generates X-ray emission in the wave- 
length range 2.3-4.4 nm, which is suitable for X-ray mi- 
croscopy, as is known for droplets from Rymell and 
Hertz, Opt. Commun 103, 105 (1993), and Rymell, Ber- 
glund and Hertz, Appl. Phys. Lett. 66, 2625 (1995). Use 
is here made of the emission from carbon and nitrogen 
ions. Water or aqueous mixtures containing much oxy- 
gen can be combined with lasers having lower pulse 
peak power for generating EUV radiation suitable for 
projection lithography in the wavelength range 10-20 
nm, as is known for droplets from H.M. Hertz, L. Rymell. 
M. Berglund and L. Malmqvist in Applications of Laser 
Plasma Radiation II, M.C. Richardsson, Ed., SPIE Vol. 
2523 (Soc. Photo-Optical Instrum. Engineers, Belling- 
ham, Washington, 1995, pp 88-93). Liquids containing 
heavier atoms result in emission at shorter wavelengths, 
which is of interest for e.g. photoelectron spectroscopy 
and X-ray fluorescence in materials science. Further 
shorter wavelengths can be obtained if higher laser in- 
tensities are used, which may be of interest for X-ray 
crystallography. Moreover, substances which are nor- 
mally not in a liquid state, can be dissolved in a suitable 
carrier liquid and thus be used for X-ray production with 
laser plasma in jets of liquid. 

Claims 

1 . A method for generating X-ray or EUV radiation via 
laser induced plasma emission, in which at least 
one target (1 7) is generated, and at least one pulsed 
laser beam (3) is focused on said target (1 7) to pro- 
duce said plasma, wherein said target is generated 
in the form of a jet (17) by urging a liquid under pres- 
sure through a nozzle, characterised in that the 
laser beam (3) is focused on a portion of the target 
between the nozzle and a point where said target 
breaks up into droplets. 

2. A method for generating X-ray or EUV radiation via 
laser induced plasma emission, in which at least 
one target (1 7) is generated, and at least one pulsed 
laser beam (3) is focused on said target (1 7) to pro- 
duce said plasma, wherein said target is generated 
in the form of a jet by urging a liquid under pressure 
through a nozzle, characterised in that the target 
jet (17) is allowed to freeze by evaporation to attain 
a solid form, and the laser beam (3) is focused on 
a frozen portion of the target. 

3. The method as claimed in claim 1 or 2, wherein the 
laser beam (3) is focused on the target (1 7) at a dis- 
tance in the order of a millimetre from the nozzle. 

4. The method as claimed in claim 1 or 2, wherein the 
jet ( 1 7) is generated such that the diameter thereof 
is about 1 -1 00 pm. 



5. The method as claimed in claim 1 or 2, wherein a 
fluorine-containing liquid is used for generation of 
the target (17), for the purpose of producing X-ray 
emission in the wavelength range 0.8-2 nm, suita- 

5 ble for contact lithography. 

6. An apparatus for generating X-ray or EUV radiation 
via laser induced plasma emission, comprising at 
least one laser (1 ) for generating at least one laser 

10 beam (3), target generating means (7, 10, 14) for 
generating at least one target (17), and focusing 
means (13) for focusing the laser beam (3) on the 
target (17) to produce said plasma, wherein said 
target generating means (7, 10, 14) is adapted to 

*5 generate the target (1 7) in the form of a jet by urging 

a liquid underpressure through a nozzle (10), char- 
acterised in that the focusing means (13) is adapt- 
ed to fccus the laser beam (3) on a portion of the 
target between the nozzle and a point where said 

20 " target breaks up into droplets. 

7. An apparatus for generating X-ray or EUV radiation 
via laser induced plasma emission, comprising at 
least one laser (1 ) for generating at least one laser 

25 beam (3), target generating means (7, 10, 14) for 

generating at least one target (17), and focusing 
means (13) for focusing the laser beam (3) on the 
target (17) to produce said plasma, wherein said 
target generating means (7, 10, 14) is adapted to 

30 generate the target (1 7) in the form of a jet by urging 

a liquid under pressure through a nozzle (10), char- 
acterised in that the apparatus is arranged to allow 
the target jet (1 7) to freeze by evaporation to attain 
a solid form, and the focusing means (13) is adapt- 

35 ed to focus the laser beam (3) on a frozen portion 
of the target. 

0. The apparatus as claimed in claim 6 or 7, wherein 
the focusing means (13) is adapted to focus the ia- 
40 ser beam (3) on the target (17) at a distance in the 
order of a millimetre from the nozzle (10). 

9. The apparatus as claimed in claim 6 or 7, wherein 
the target generating means (7, 10, 14) is adapted 

45 to generate the jet (1 7) to have a diameter of about 

1-100 urn. 

10. The apparatus as claimed in claim 6 or 7, wherein 
the liquid is a fluorine-containing liquid for produc- 

50 jng, in its plasma state, X-ray emission in the wave- 
length range 0.8-2 nm, suitable for proximity lithog- 
raphy, an exposure station (18) further being ar- 
ranged in connection with the focus of the laser 
beam (3) on the target (17). 

55 

11. Use of an apparatus as claimed in any one of the 
claims 6-9 for the purpose of X-ray microscopy. 



EP 0 895 706 B1 



10 



12. Use of an apparatus as claimed in any one of the 
claims 6-1 0 forthe purpose of proximity lithography. 

13. Use of an apparatus as claimed in any one of the 
claims 6-9 forthe purpose of EUV projection lithog- 
raphy. 

14. Use of an apparatus as claimed in any one of the 
claims 6-9 for the purpose of photoelectron spec- 
troscopy. 

15. Use of an apparatus as claimed in any one of the 
claims 6-9 for the purpose of X-ray fluorescence. 



Patentanspruche 

1 . Verfahren zum Erzeugen von Rontgen- oder extre- 
mer Ultraviolett-Strahlung uber laserinduzierte 
Plasmaemission, wobei wenigstens ein Target (1 7) 
erzeugt wird und wenigstens ein gepulster Laser- 
strahl (3) auf das Target (17) fokussiertwird, urn das 
Plasma herzustellen, und wobei das Target in Form 
eines Strahls (1 7) erzeugt wird, indem eine Flussig- 
keit unter Druck durch eine Duse gepresst wird, da- 
durch gekennzeichnet, dass der Laserstrahl (3) 
auf einen Abschnitt des Targets zwischen der Duse 
und einem Punkt fokussiert wird, an dem das Target 
sich in Tropfchen auflost. 

2. Verfahren zum Erzeugen von Rontgen- oder extre- 
mer Ultraviolett-Strahlung uber laserinduzierte 
Plasmaemission, wobei wenigstens ein Target (17) 
erzeugt wird und wenigstens ein gepulster Laser- 
strahl (3) auf das Target (1 7) fokussiert wird, urn das 
Plasma herzustellen, und wobei das Target in Form 
eines Strahls erzeugtwird, indem eine Flussigkeit 
unter Druck durch eine Duse gepresst wird, da- 
durch gekennzeichnet, dass der Target-Strahl 
(17) durch Verdampfen gefrieren kann, um eine te- 
ste Form anzunehmen, und der Laserstrahl (3) auf 
einen gefrorenen Abschnitt des Targets fokussiert 
wird. 

3. Verfahren nach Anspruch 1 oder 2, wobei der La- 
serstrahl (3) in einem Abstand in der GroBenord- 
nung von einem Millimeter zu der Duse auf das Tar- 
get (1 7) fokussiert wird. 

4. Verfahren nach Anspruch 1 oder 2, wobei der Strahl 
(1 7) so erzeugt wird, dass sein Durchmesser unge- 
fahr 1 -1 00 urn betragt. 

5. Verfahren nach Anspruch 1 oder2, wobei eine fluor- 
haltige Flussigkeit fur die Erzeugung des Targets 
(17) genutzt wird, um Rontgenemission im Wellen- 
langenbereich von 0,8-2 nm zu erzeugen, die fur 
Kontaktlithografie geeignet ist. 



6. 



20 7. 



Vorrichtung zum Erzeugen von Rontgen- oder ex- 
tremer Ultraviolett-Strahlung uber laserinduzierte 
Plasmaemission, die wenigstens einen Laser (1) 
zum Erzeugen wenigstens eines Laserstrahls (3), 
eineTargel-Erzeugungseinrichtung (7, 10, 14) zum 
Erzeugen wenigstens eines Targets (17) und eine 
Fokussiereinrichtung (1 3) zum Fokussieren des La- 
serstrahls (3) auf das Target (17), um das Plasma 
herzustellen, umfasst, wobei die Target-Erzeu- 
gungseinrichtung (7, 10, 14) so eingerichtet ist, 
dass sie das Target (17) in Form eines Strahls er- 
zeugt, indem eine Flussigkeit unter Druck durch ei- 
ne Duse (10) gepresst wird, dadurch gekenn- 
zeichnet, dass die Fokussiereinrichtung (13) so 
eingerichtet ist, dass sie den Laserstrahl (3) auf ei- 
nen Abschnitt des Targets zwischen der Duse und 
einem Punkt fokussiert, an dem sich das Target in 
Tropfchen auflost. 

Vorrichtung zum Erzeugen von Rontgen- oder ex- 
tremer Ultraviolett-Strahlung uber laserinduzierte 
Plasmaemission, die wenigstens einen Laser (1) 
zum Erzeugen wenigstens eines Laserstrahls (3), 
eineTarget-Erzeugungseinrichtung (7, 10, 14) zum 
Erzeugen wenigstens eines Targets (1 7) und eine 
Fokussiereinrichtung (1 3) zum Fokussieren des La- 
serstrahls (3) auf das Target (17), um das Plasma 
herzustellen, umfasst, wobei die Target-Erzeu- 
gungseinrichtung (7, 10, 14) so eingerichtet ist, 
dass sie das Target (17) in Form eines Strahls er- 
zeugt, indem eine Flussigkeit unter Druck durch ei- 
ne Duse (10) gepresst wird, dadurch gekenn- 
zeichnet, dass die Vorrichtung so eingerichtet ist, 
dass sie den Target-Strahl (17) durch Verdampfen 
gefrieren lasst, so dass erfeste Form annimmt, und 
die Fokussiereinrichtung (13) so eingerichtet ist, 
dass sie den Laserstrahl (3) auf einen gefrorenen 
Abschnitt des Targets fokussiert. 

Vorrichtung nach Anspruch 6 oder 7, wobei die Fo- 
kussiereinrichtung (13) den Laserstrahl (3) in einem 
Abstand in der GroBenordnung von einem Millime- 
ter zu der Duse (10) auf das Target (1 7) fokussiert. 

Vorrichtung nach Anspruch 6 oder 7, wobei die Tar- 
get-Erzeugungseinrichtung (7, 10, 14) so eingerich- 
tet ist, dass sie den Strah! (17) so erzeugt, dass er 
einen Durchmesser von ungefahr 1-100jim hat. 



50 10. Vorrichtung nach Anspruch 6 oder 7, wobei die 
Flussigkeit eine f luorhaltige Flussigkeit ist, um in ih- 
rem Plasmazustand Rontgenemission im Wellen- 
langenbereich von 0,8-2 nm herzustellen, die fur 
Proximity-Lithografie geeignet ist, und des weiteren 

55 eine Belichtungsstation (1 8) in Verbindung mit dem 

Fokus des Laserstrahls (3) auf den Target (17) an- 
geordnet ist. 



40 8. 



45 9. 
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11. Einsatz einer Vorrichtung nach einem der Anspru- 
che 6-9 fur den Zweck von Rontgcnstrahlen-Mikro- 
skopie. 

12. Einsatz einer Vorrichtung nach einem der Ansprii- 
che 6-10 fur den Zweck von Proximity-Lit hografie. 

13. Einsatz einer Vorrichtung nach einem der Anspru- 
che 6-9 fur den Zweck von EUV-Projektionslithogra- 
fie. 

14. Einsatz einer Vorrichtung nach einem der Anspru- 
che 6-9 fur den Zweck von Fotoelektronen-Spektro- 
skopie. 

15. Einsatz einer Vorrichtung nach einem der Anspru- 
che 6-9 fur den Zweck von Rontgenstrahlen-Fluo- 
reszenz. 



Revendications 

1 . Procede pour generer des rayons X ou des rayon- 
nements d'ultraviolets extremes au moyen d'une 
emission de plasma induite par un laser, dans le- 
quel au moins une cible (17) est generee et au 
moins un faisceau laser pulse (3) est concentre sur 
ladite cible (1 7) pour produire ledit plasma, dans le- 
quei ladite cible est generee sous la forme d'un jet 
(17) en poussant un liquide sous pression au tra- 
vers d'une buse, caracterise en ce que le faisceau 
laser (3) est concentre sur une partie de la cible en- 
tre la buse et un point ou ladite cible se rompt en 
goutteleites. 

2. Procede pour generer des rayons X ou des rayon- 
nements d'ultraviolets extremes par i'intermediaire 
de remission de plasma induite par un laser, dans 
lequel au moins une cible (17) est generee et au 
moins un faisceau laser pulse (3) est concentre sur 
ladite cible (1 7) pour produire ledit plasma, dans le- 
quel ladite cible est generee sous la forme d'un jet 
en poussant un liquide sous pression au travers 
d'une buse, caracterise en ce que le jet de cible 
(1 7) est amene a geler par evaporation pour artein- 
dre une forme solide et le faisceau laser (3) est con- 
centre sur une partie gelee de la cible. 

3. Procede selon la revendication 1 ou 2, dans lequel 
le faisceau laser (3) est concentre sur la cible (17), 
a une distance de i'ordre d'un millimetre a partir de 
la buse. 

4. Procede selon la revendication 1 ou 2, dans lequel 
le jet (17) est genere, si bien que son diametre est 
d'environ 1-100 urn. 

5. Procede selon la revendication 1 ou 2 : dans lequel 



un liquide renfermant du fluor est utilise pour gene- 
rer la cible (1 7) afin de produire remission de rayons 
X dans la gamme de longueur d'onde de 0,8-2 nm, 
appropriee pour la lithographic de contact. 

5 

6. Appareil pour generer des rayons X ou des rayon- 
nements d'ultraviolets extremes par I'intermediaire 
d'une emission de plasma induite par un laser, com- 
prenant au moins un laser (1) pour generer au 

10 moins un faisceau laser (3), un moyen generateur 

de cible (7, 10, 14) pour generer au moins unecible 
(17) et un moyen de concentration (13) pour con- 
centrer le faisceau laser (3) sur la cible (17) pour 
produire ledit plasma, dans lequel ledit moyen ge- 

*5 nerateur de cible (7, 10, 14) est agence pour gene- 

rer la cible (17) sous la forme d'un jet en poussant 
un liquide sous pression au travers d'une buse (10), 
caracterise en ce que le moyen de concentration 
(13) est agence pour concentrer le faisceau laser 

20 (3) sur une partie de la cible entre la buse et un point 

ou ladite cible se rompt en gouttelettes. 

7. Appareil pour generer des rayons X ou des rayon- 
nements d'ultraviolets extremes par I'intermediaire 

25 d'une emission de plasma induite par un laser, com- 

prenant au moins un laser (1) pour generer au 
moins un faisceau laser (3), un moyen generateur 
de cible (7, 10, 14) pour generer au moins une cible 
(17) et un moyen de concentration (13) pour con- 

30 centrer le faisceau laser (3) sur la cible (17) pour 

produire ledit plasma, dans lequel ledit moyen ge- 
nerateur de cible (7, 10, 14) est agence pour gene- 
rer la cible (1 7) sous la forme d'un jet en poussant 
un liquide sous pression au travers d'une buse (10), 

35 caracterise en ce que I'appareil est agence pour 

permettre au jet de cible (1 7) de geler par evapora- 
tion pour obtenir une forme solide et le moyen de 
concentration (13) est agence pour concentrer le 
faisceau laser (3) sur une partie gelee de la cible. 

40 

8. Appareil selon la revendication 6 ou 7, dans lequel 
le moyen de concentration (13) est agence pour 
concentrer le faisceau laser (3) sur la cible (17), a 
une distance de I'ordre d'un millimetre a partir de la 

45 buse (10). 

9. Appareil selon la revendication 6 ou 7, dans lequel 
!e moyen generateur de cible (7, 10, 14) est agence 
pour generer le jet ( 1 7) pour avoir un diametre d'en- 

50 viron 1-100 urn. 

10. Appareil selon la revendication 6 ou 7, dans lequel 
le liquide est un liquide renfermant du fluor pour pro- 
duire, dans son etat de plasma, une emission de 

55 rayons X dans la gamme de longueurs d'ondes de 

0,8-2 nm, appropriee pour une lithographie de 
proximite, un poste d'exposilion (18) etant en outre 
agence en liaison avec la concentration du faisceau 
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laser (3) sur la cible (17). 

11. Utilisation d'un appareil selon Tune quelconque des 
revendications 6 a 9 a des fins de microscopie aux 
rayons X. 5 

12. Utilisation d'un appareil selon Tune quelconque des 
revendications 6 a 10 a des fins de lithographie de 
proximite. 

w 

1 3. Utilisation d'un appareil selon Tune quelconque des 
revendications 6 a 9 a des fins de lithographie de 
projection d'ultraviolets extremes. 

1 4. Utilisation d'un apparei! selon Tune quelconque des * 5 
revendications 6 a 9 a des fins de spectroscopie de 
photo-electrons. 

15. Utilisation d'un appareil selon Tune quelconque des 
revendications 6 a 9 a des fins de fluorescence aux 20 
rayons X. 
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